A resected case of hepatocellular carcinoma which extended into the right atrium after treatment with hepatic arterial infusion chemotherapy (HAIC) is described. An 81-year-old man presented with right hypochondralgia. CT demonstrated a hypervascular tumor 11.5 cm in diameter extending into the right atrium through the right hepatic vein. The patient underwent HAIC with 100 mg of cisplatin (CDDP IA-call®) particles three times every month. The tumor showed a marked shrinkage and an involution of the venous thrombus around the orifice of the right hepatic vein. Right hemihepatectomy with tumor thrombectomy was performed as a salvage surgery using a total hepatic vascular exclusion technique. Histologically, the tumor turned into diffuse necrosis and fibrosis, so viable tumor cells were encountered neither in the main tumor nor venous thrombus. The therapeutic effect of HAIC was pathological complete remission. The patient has been doing well for 6 years after the surgery without evidence of tumor recurrence. The salvage operation was safely achievable for the initially unresectable advanced hepatocellular carcinoma extending into the right atrium.
Background
Hepatectomy for a hepatocellular carcinoma with a hepatic venous tumor thrombus extending into the right atrium (HCC-RA thrombus) is a rare surgical indication for cure. However, surgical resection for HCC-RA thrombus is occasionally performed as an oncological emergency to prevent pulmonary embolism or sudden right heart failure due to tearing away of the fragile tumor thrombus [1] [2] [3] . Complete removal of a HCC-RA thrombus usually necessitates a total hepatic vascular exclusion technique [4] or cardiopulmonary bypass [5, 6] . Such an aggressive and invasive surgery must be a heavy burden in patients with impaired liver function, and long-term survival is seldom achievable because of apparent or latent pulmonary metastases in many patients with HCC-RA thrombus.
On the other hand, some chemotherapeutic agents such as cisplatin or sorafenib [7] are potentially effective in the neoadjuvant setting, or multidisciplinary treatments [8] may thereby expand a surgical indication and also prolong survival for patients with HCC-RA thrombus.
We describe an aggressively resected case of HCC-RA thrombus after treatment with hepatic arterial infusion chemotherapy (HAIC) using cisplatin particles, and the patient survives more than 6 years without a tumor recurrence.
Case presentation
An 81-year-old man presented with right subcostal pain. Laboratory examinations showed marked elevation of alpha-fetoprotein (AFP) (195,460 ng/ml) and des-γ-carboxy prothrombin (DCP) (367,000 mAU/ml). The hepatitis C antibody and hepatitis Bs antigen were negative, while the hepatitis Bs antibody was positive. CT demonstrated a hypervascular tumor of 11.5 cm in diameter extending into the RA through the right hepatic vein, with a small amount of pleural effusion and ascites (Fig. 1 ). Angiography depicted a solitary HCC showing the thread and streak sign corresponding to the venous tumor thrombus from the right hepatic vein to the right atrium (Fig. 1a) . CT during arterial portography demonstrated hypoperfusion in the entire caudate lobe, reflecting congestion of the inferior vena cava (IVC) due to the tumor thrombus (Fig. 1c) . The diagnosis for this patient was HCC-RA thrombus. Right hemihepatectomy with tumor thrombectomy was considered a highly detrimental procedure for this particular patient at first presentation.
The patient underwent HAIC with 100 mg of cisplatin (CDDP IA-call®) particles in 20 min via the right hepatic artery three times every month. Both AFP and DCP decreased to within the normal range after the second HAIC session. CT showed a marked shrinkage of the main tumor and the tumor thrombus. Additionally, the tip of the tumor which had been extended into the right atrium before HAIC could be confirmed around the orifice of the right hepatic vein (Fig. 2) . Although both the tumor and thrombus turned into low density with slight marginal enhancement, the viability of the tumor Fig. 1 a CT during hepatic arteriography shows a heterogenous hypervascular tumor and venous tumor thrombus, corresponding to the right hepatic vein, extending into the IVC (white arrow). Ascites (black arrow) and pleural effusion (white arrowheads) is also documented. b CT during hepatic arteriography shows a heterogenous hypervascular tumor measuring 11.5 cm in diameter (white arrow). c CT during arterial portography shows a tumor defect and hypoperfused caudate lobe (white arrow); nevertheless, the caudate branch of the portal vein is patent. This implies congestion of the caudate lobe due to the IVC tumor thrombus. d-f The tip of the venous tumor thrombus extends into the right atrium (white arrow) Fig. 2 CT after three sessions of hepatic arterial infusion chemotherapy shows marked shrinkage of the main tumor and tumor thrombus. Additionally, the tip of the tumor thrombus (arrow) can be confirmed around the orifice of the right hepatic vein. a View in the axial plane. b View in the coronal plane cells could not be definitively assessed on the imaging diagnosis. The maximum diameter of the main tumor changed from 11.5 to 4.8 cm, and a 58.3 % reduction was achieved through the third HAIC session. Accordingly, the therapeutic effect of HAIC was a partial response (PR) to the Response Evaluation Criteria In Solid Tumors (RECIST) criteria [9] .
Estimated liver resection volume excluding the tumor mass after three sessions of HAIC was calculated by CTvolumetry as 27 %, and the ICG retention rate at 15 min improved from 23 to 16 %. We considered that right hemihepatectomy with tumor thrombectomy would be safely achievable in this condition. The liver was transected along the main portal fissure in terms of the anterior approach [10] . Then, the side clamp of the IVC was placed over the base of the right hepatic vein, and the ventral orifice of the right hepatic vein was incised (Fig. 3) . The apical part of the fibrous tumor thrombus tightly adhered to the right side wall of the suprahepatic IVC. Right hemihepatectomy with tumor thrombectomy was possible using a total hepatic vascular exclusion (THVE) technique. The operation time was 365 min, and intraoperative blood loss was 3010 ml. The liver inflow occlusion and THVE times were 81 and 21 min, respectively.
Macroscopically, the cut surface of the resected specimen showed a necrotic tumor, 4.5 cm in maximum diameter, and the fibrotic venous tumor in the right hepatic vein (Fig. 4) . Histologically, the tumors showed diffuse necrosis and fibrosis similar to the macroscopic findings, so viable tumor cells were encountered neither in the main tumor nor venous thrombus in multiple sections (Fig. 5) . The therapeutic effect of HAIC was pathological complete remission (CR). The clinical stage was T3bN0M0, stage IIIB, and the pathological stage was pT0N0M0, a stage unknown in terms of the UICC classification (seventh edition) [11] , respectively.
Postoperative recovery was uneventful. Without an additional oncologic treatment after surgery until now, the patient has been alive with no recurrence for 6 years.
Discussion
Compared with portal venous tumor thrombus, hepatic venous tumor thrombus (HVT) extending into the IVC or right atrium is rare; it is reported in 6 % of antemortem HCC with vascular invasions [12] . Surgery for patients with HVT often necessitates complex and advanced surgical skills such as the THVE technique or cardiopulmonary bypass. The burden of the surgical procedure must be especially heavy for HCC patients often associated with impaired liver functional reserve. In addition, prognosis of patients with HCC-RA thrombus is extremely poor even in the case of complete removal of hepatic tumor and thrombus because most of the patients have apparent or latent pulmonary metastases. Although Kaido et al. reported a surgical result of patients with HCC associated with tumor thrombus confined to the inferior vena cava, it did not extend into the right atrium [13] . They reported a 5-year survival rate and median survival time as 30 % and 26 months with both neoadjuvant and adjuvant therapy. Survival after surgical resection for HCC-RA thrombus was reported by only 13 % of a 2-year survival rate with 8.9 months median survival in a literature review [1] . To the best of Fig. 3 After liver transection through the anterior approach, the right hepatic vein is encircled with tape and the side of the IVC is clamped. After making an incision on the anterior surface of the confluence of the right hepatic vein, the fibrous tumor thrombus (arrow) is observed Fig. 4 The cut surface of the resected specimen demonstrates a necrotic tumor, 4.5 cm in maximum diameter, and the fibrotic venous thrombus (arrow) in the right hepatic vein (arrowhead) our knowledge, there have been no case reports of hepatectomy for HCC-RA thrombus with over a 5-year recurrence-free survival. This underscores the exceedingly rare nature of our particular case. We attributed the long-term survival of our case to achieving pathological CR by preoperative HAIC. Spontaneous regression or CR through anti-cancer therapy for HCC can be documented, albeit uncommonly [14] [15] [16] [17] [18] . A similar phenomenon must have occurred in this case. Thus, careful observation of the course without surgery may have yielded the same outcome as hepatectomy. However, the precise or definitive assessment of tumor viability as CR is difficult despite recent advances in imaging diagnosis [19, 20] . In this case, our therapeutic evaluation of a tumor using the RECIST criteria was not pathological CR but PR prior to surgery. Assessment of the tumor viability after chemotherapy is not precise and definitive; therefore, we considered that there must be residual viable tumor cells, as cited similar to the following reports: CR of colorectal liver metastases after recent brand new chemotherapy [20] and CR of HCC after transarterial chemoembolization (TACE) [21] .
Whether preoperative HAIC is valid for HCC-RA thrombus is controversial, since this strategy has both advantages and disadvantages. A representative failing requiring close attention is pulmonary embolism or sudden right heart failure due to tearing away of the fragile tumor thrombus during preoperative care. On the other hand, preoperative HAIC has some potentially meaningful advantages as follows. First, it may reduce surgical invasiveness owing to the shrinkage of tumor thrombus. In our case, also, the tip of the venous thrombus was markedly decreased around the orifice of the right hepatic vein, so right hemihepatectomy with tumor thrombectomy could be safely achievable as a salvage surgery without cardiopulmonary bypass. Second, the potential benefit of preoperative HAIC includes the opportunity to monitor the response to anti-cancer agents, which is impossible in the adjuvant setting. As several authors showed, hepatectomy alone could not provide long-term survival without effective adjuvant chemotherapy for patients with HCC-RA thrombus [22] . Therefore, it might be possible to avoid unnecessary surgery for patients with little chance of long-term survival by screening the patients with poor response to preoperative HAIC. Moreover, in the current case, we could acquire an unexpected preoperative HAIC effect of improving liver function test possibly due to the tumor shrinkage relieving liver blood congestion. Although the effectiveness of preoperative HAIC for HCC-RA thrombus is controversial, our aggressive strategy will be justified as not palliative but curative by a longer patient survival.
Conclusions
The most striking point of this case is the achievement of recurrence-free long-term survival over 6 years in patients with HCC-RA thrombus which was considered initially intolerable for a radical surgery.
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